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SUMMARY 

The a c o u s t i c a l  e f f e c t s  of ope ra t ing  a 6-cm exit-diameter nozzle i n  t h e  presence 
of a wing-flap model under s t a t i c  cond i t ions  are examined experimentally.  The geo- 
m e t r i c  parameters of t h e  wing-flap model are chosen t o  r ep resen t  a r ea l i s t i c  jet-  
engine i n s t a l l a t i o n  on a wide-body midrange t r a n s p o r t  a i rp l ane .  
i n g  t h e  i n s t a l l a t i o n  parameters and t h e  no i se  sources  a s s o c i a t e d  with t h e  engine- 
i n s t a l l a t i o n  e f f e c t s  are discussed. 

The e f f e c t s  oE vary- 

Based on t h e  r e s u l t s ,  it i s  concluded t h a t  t h e  m a j o r  no i se  source i n  t h e  l o w -  
frequency region i s  t h e  flow i n t e r a c t i o n  of t h e  j e t  and wing Undersurface. The major 
n o i s e  source i n  t h e  midfrequency region i s  t h e  flow i n t e r a c t i o n  of t h e  j e t  with t h e  
s i d e  edges of t h e  f lap cutout .  An a d d i t i o n a l  no i se  source i n  t h i s  frequency region 
i s  t h e  f l a p  t r a i l i n g  edge which dominates i n  t h e  absence of t h e  f l a p  cutout .  The 
high-frequency-region no i se  source i s  p r imar i ly  due t o  je t  no i se  r e f l e c t i n g  o f f  t h e  
undersurface of t h e  wing and f l a p .  A l s o ,  t h e  j e t  impinging on t h e  f l a p  cu tou t  con- 
t r i b u t e s  t o  t h e  high-frequency-region no i se  when t h e  cu tou t  s i z e  i s  smaller than t h e  
l o c a l  j e t  diameter. 

INTRODUCTION 

One of t h e  problems i n  reducing a i r p l a n e  f lyove r  no i se  today i s  i d e n t i f y i n g  t h e  
v a r i o u s  sources  of no i se  r a d i a t e d  from an i n s t a l l e d  engine. Sources o t h e r  than 
d i r e c t  engine-exhaust no i se  o r  turbomachinery no i se  are r e f e r r e d  t o  a s  i n s t a l l a t i o n  
e f f e c t s  and can be manifested i n  t w o  broad ca t egor i e s .  The f i r s t  i s  t h e  a c o u s t i c  
i n t e r a c t i o n  involving t h e  modif icat ion of sound, r a d i a t e d  from j e t  exhaust,  by an 
a i r p l a n e  s t r u c t u r e  such as  t h e  wing, fuselage,  and f l a p s .  The second i s  t h e  aerody- 
namic i n t e r a c t i o n  r e s u l t i n g  from t h e  modification of a j e t  s t r u c t u r e  by t h e  proximity 
of t h e  wing undersurface and d i r e c t  i n t e r a c t i o n  between t h e  j e t  and f l a p s .  

The a c o u s t i c  i n t e r a c t i o n  has  been t h e  sub jec t  of many inves t iga t ions .  (See 
r e f s .  1 through 7.) Reference 1 inves t iga t ed  t h e  wing e f f e c t  on propagation of je t  
noise ,  which showed t h a t  t h e  presence of t h e  wing i n  t h e  v i c i n i t y  of t h e  j e t  
inc reased  t h e  no i se  over t h a t  of t h e  j e t  alone. A t h e o r e t i c a l  model f o r  r e f l e c t i o n  
and edge d i f f r a c t i o n  of j e t  no i se  due t o  t h e  presence of a wing o r  high v e r t i c a l  
s t a b i l i z e r  w a s  t h e  s u b j e c t  of r e fe rence  2. Reference 3 con ta ins  t h e  r e s u l t s  of a n  
i n v e s t i g a t i o n  of t h e  noise  generated by a small model of a double-s lot ted,  e x t e r n a l l y  
blown flap.  References 4 and 5 p resen t  a comprehensive study on t h e  generat ion of 
sound r e s u l t i n g  from t h e  passage of a t u r b u l e n t  j e t  over a f l a t  p la te  of f i n i t e  
dimensions. These t w o  s t u d i e s  showed t h e  dependence of t h e  a c o u s t i c  f a r  f i e l d  on t h e  
dimensions of t h e  p l a t e ,  t h e  d i s t a n c e  between t h e  j e t  a x i s  and t h e  p l a t e ,  and t h e  
v e l o c i t y  of t h e  jet .  Reference 6 d i scusses  t h e  e f f e c t s  of  forward motion on j e t  
noise.  This  study found t h a t  f o r  a i r p l a n e s  with engines  mounted under t h e  wing and 
with f l a p  d e f l e c t i o n s  g r e a t e r  t han  30°, t h e  a d d i t i o n a l  c o n t r i b u t i o n  from t h e  jet- 
f l a p - i n t e r a c t i o n  no i se  w a s  a s  much a s  5 dB and w a s  r e spons ib l e  f o r  higher  i n - f l i g h t ,  
low-frequency no i se  l e v e l s  during approach cond i t ions  than  a i r p l a n e s  without f l a p  
d e f l e c t i o n s .  Models of wide-body a i r p l a n e s  w e r e  used i n  r e fe rence  7 t o  i n v e s t i g a t e  
t h e  inc reased  n o i s e  brought about by i n s t a l l i n g  a turbofan engine under an a i r p l a n e  



wing. Both r e f l e c t i o n  of t h e  j e t  noise  from t h e  wing undersurface and i n t e r a c t i o n  
noise  generated from t h e  deployment of t h e  f l a p s  i n t o  t h e  j e t  exhaust w e r e  
experienced. 

The a c o u s t i c  i n t e r a c t i o n  and t h e  aerodynamic i n t e r a c t i o n  w i l l  vary from one 
a i r p l a n e  t o  another.  However, c u r r e n t  midrange t r a n s p o r t s  have f l a p  systems t h a t  
p ro t rude  i n t o  t h e  je t  exhaust when def lected;  t hus ,  t h e  aerodynamic i n t e r a c t i o n  with 
t h e  j e t  exhaust i s  a problem of general  i n t e r e s t .  Since t h e  no i se  sources  of engine 
i n s t a l l a t i o n  e f f e c t s  are no t  w e l l  understood and t h e  n o i s e  sources  are n o t  i d e n t i -  
f i e d ,  t h i s  study w a s  conducted t o  i d e n t i f y  t h e  no i se  sources  r e l a t e d  t o  t h e  geometry 
of a jet-wing-flap system. 

T h i s  r e p o r t  desc r ibes  t h e  no i se  sources from ope ra t ing  a 6-cm exi t -diameter  
nozzle i n  t h e  presence of a wing-flap model under s t a t i c  cond i t ions  (no forward 
v e l o c i t y ) .  Three geometric i n s t a l l a t i o n  parameters and t h e  f l ap -de f l ec t ion  angle  
w e r e  i nves t iga t ed :  ( 1 )  t h e  normal d i s t ance  between t h e  j e t  c e n t e r  l i n e  and t h e  wing 
chord, ( 2 )  t h e  normal d i s t a n c e  between t h e  nozzle e x i t  and t h e  de f l ec t ed - f l ap  t r a i l -  
i n g  edge, and ( 3 )  t h e  width of t h e  f l a p  cu tou t  which i s  generated by t h e  def lected-  
f l a p  system and a l l o w s  t h e  j e t  t o  pass  through. These parameters were chosen t o  
r ep resen t  t h e  range of va lues  a s soc ia t ed  with c u r r e n t  midrange, wide-body t r a n s p o r t  
a i r p l a n e s .  

SYMBOLS 

Values are given i n  S I  Un i t s  and, where considered u s e f u l ,  a l s o  i n  U . S .  
customary Units.  

D nozzle-exit  diameter, c m  

f 1/3-octave-band c e n t e r  frequency, Hz 

H normal sepa ra t ion  d i s t a n c e  between j e t  c e n t e r  l i n e  and wing chord, c m  

L normal d i s t ance  between nozzle e x i t  and f l a p  t r a i l i n g  edge ( 6  = Oo), c m  

R d i s t ance  between f a r - f i e l d  observat ion p o i n t  and model, m 

V j e t  cen te r - l i ne  ve loc i ty ,  m / s  

W width of f l a p  cutout ,  c m  

6 f l ap -de f l ec t ion  angle ,  deg 

e observat ion angle  measured from j e t  downstream a x i s  i n  plane perpendicular  
t o  wing f l a p ,  deg 

Abbreviations: 

FM frequency modulation 

i p s  inches per second 

M i c  microphone 
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OASPL overall sound pressure level, dB 

AOASPL difference between static and flight noise levels, d?3 

SAE Society of Automotive Engineers 

SPL sound pressure level, dB (referenced to 20 pPa) 

FACILITY AND TEST APPARATUS 

The test was conducted in the Langley Anechoic Noise Facility. The anechoic 
chamber of the facility is approximately 7.6 m long, 7.6 m wide, and 7.0 m high mea- 
sured between wedge tips. The walls, floor, and ceiling are lined with foam and 
fiberglass wedges, which were designed for a chamber cutoff frequency of approxi- 
mately 100 Hz. Sound-pressure measurements at djstances up to approximately 5 m are 
possible by means of a microphone boom over an arc of 1350. The air system has the 
capacity to supply dry air at pressures up to 1551 kPa (225 psig) and at flow rates 
up to 4.5 kg/s (10 lb/s) to the nozzle. Control valves, mufflers, and a settling 
chamber are provided to assure quiet airflow for jet-nozzle experiments. An overhead 
eductor-inductor system is provided for passage of air in or out of the test area. 
Additional information on this facility is contained in reference 8. 

A photograph of the experimental apparatus in the anechoic room is shown in 
figure 1. Air from a regulated high-pressure system was supplied continuously into a 
0.57-m-long pipe, which formed the 6-cm-diameter nozzle. This nozzle was chosen 
because its aerodynamic characteristics were well-documented in reference 9. The 
minimum operating Reynolds number based on the nozzle diameter was 6 x lo5, which was 
considered suitable for modeling a typical turbofan primary-exhaust diameter. In 
addition, the length of the nozzle was suitable for mounting the test model. 

Since the wing and flap system (including installation parameters) are the main 
components affecting the noise characteristics for an underwing engine, the dimen- 
sions of these components and the range of values of the installation parameters were 
carefully chosen to represent a typical transport airplane. An NACA 0012 symmetrical 
airfoil with a 0.31-m chord and 0.61-m span was used for the wing, as well as for the 
flaps which had 8.9-cm chords. The supporting system for the wing and flap consisted 
of side plates for rigidity, which were constructed with enough clearance so as not 
to interact with the jet. (See fig. 2.) The support system also provided adjust- 
ments to position the trailing edge of the flap relative to the nozzle exit and to 
determine the flap-deflection angle. A series of flaps with cutouts ranging from 
5.1 cm to 11.4 cm were used to evaluate the influence of the cutouts on the jet- 
exhaust noise. A flap with no cutout was also tested and used to determine the 
importance of the trailing-edge noise. Details of these flaps are shown in fig- 
ure 3. Additional diagnostic measurements using a flat plate were also conducted to 
aid in determining the noise sources. 

INSTRUMENTATION AND PROCEDURES 

Twelve 1/2-in. condenser microphones were located in an arc, with a radius 
of 3.7 m at 100 intervals between observation angles ( 8 )  of 200 and 130° from the jet 
downstream axis. The arc was in a plane perpendicular to the wing surface. (See 
fig. 1.) However, only data for 8 > 50°  are presented in this report because the 
microphones with 8 < 50° were in the jet flow. In addition, four surface-pressure 
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sensors  (two each on t h e  upper and lower su r face ,  see f i g .  3) w e r e  embedded i n  one 
f l a p  near t he  edge of t h e  cu tout  t o  measure t h e  surface-pressure f l u c t u a t i o n s .  Data 
from t h e s e  t ransducers  are used t o  a i d  i n  determining t h e  noise  source i n  t h e  l o w -  
frequency regions.  D a t a  from a l l  microphones w e r e  recorded by an EM t ape  recorder  a t  
60 ips ( i n / s )  and w e r e  a l s o  eva lua ted  on-line with a 1/3-octave-band real t i m e  spec- 
t r a l  analyzer .  The 1/3-octave da ta  w e r e  s t o r e d  on a computer disk.  An i n t e r a c t i v e  
graphics  te rmina l  w a s  used t o  monitor t h e  experiment and t o  d i sp l ay  acous t i c  data .  

I L/D 

3.6 

The fou r  geometric t es t  parameters i n v e s t i g a t e d  are shown i n  f i g u r e  4. These 
f o u r  parameters  are a l l  i n t e r r e l a t e d  because of t h e  flow p r o p e r t i e s  t h a t  i n f luence  
t h e  no i se  r a d i a t i o n  from t h e  j e t ,  and t h e  j e t - f l a p  i n t e r a c t i o n  inc ludes  t h e  l o c a l  j e t  
diameter ,  t h e  l o c a l  cen te r - l i ne  v e l o c i t y ,  and t h e  l o c a l  maximum t u r b u l e n t  i n t e n s i t y .  
Changes i n  t h e s e  flow q u a n t i t i e s  can be achieved by a number of d i f f e r e n t  combina- 
t i o n s  of t h e  geometric tes t  parameters. Thus, a l l  p o s s i b l e  combinations of t h e s e  
test parameters  were inves t iga t ed  a t  j e t  v e l o c i t i e s  of 152, 183, and 244 m / s  o r  Mach 
numbers of 0.44, 0.53, and 0.71, r e spec t ive ly .  The fo l lowing  t a b l e  lists t h e  nondi- 
mensional va lues  of t h e s e  tes t  parameters: 

W/D 

0 

1.3 
1.5 
1.7 
1.9 

.84 

RESULTS AND DISCUSSION 

I n  t h i s  s ec t ion ,  t h e  f r e e - j e t  no ise  spec t r a  are presented  a s  base- l ine  da t a ,  and 
t h e  frequency range f o r  a l l  da t a  i s  divided i n t o  t h r e e  d i f f e r e n t  reg ions  i n  o rde r  t o  
d e f i n e  t h e  dominant frequency bands of t h e  no i se  sources .  In  add i t ion ,  t h e  t es t  
parameters  t h a t  a f f e c t  t h e s e  sources  a r e  i d e n t i f i e d .  Data a r e  a l s o  presented  t h a t  
i n d i c a t e  t h e  superpos i t ion  of two noise  sources  t h a t  e x i s t  i n  one of t h e  frequency 
regions.  Las t ly ,  a comparison between j e t - f l a p - i n t e r a c t i o n  noise  and jet-impingement 
no i se  i s  presented.  These r e s u l t s  a r e  supported by graphs i n  t h e  form of o v e r a l l  
sound p res su re  l e v e l  (OASPL), 1/3-octave-band sound-pressure-level (SPL) spec t r a ,  and 
d i r e c t i v i t i e s .  

Free-Jet Base-line Data 

Figure 5 descr ibes  t h e  measured f r e e - j e t  no i se  spec t r a  f o r  t h e  t e s t  v e l o c i t i e s  
of 152, 183, and 244 m / s  o r  Mach numbers of 0.44, 0.53, and 0.71, r e spec t ive ly .  
Included i n  t h i s  f i g u r e  i s  t h e  p red ic t ed  noise  spectrum of t h e  Socie ty  of Automotive 
Engineers  (SAE) f o r  a v e l o c i t y  of 152 m/s .  The c a l c u l a t e d  and measured no i se  spectra 
a t  t h i s  v e l o c i t y  are s i m i l a r  i n  shape. However, t h e  SAE overp red ic t s  approximately 
by 2 t o  3 dB ac ross  t h e  frequency range. Th i s  i s  due t o  t h e  f a c t  t h a t  t h e  engine 
da t a  used f o r  determining t h e  SAE noise-predict ion program have r e l a t i v e l y  l a r g e  
scatter a t  Mach numbers less than 0.71. (See r e f .  10.) The OASPL of t h e  f r e e  j e t  
followed a j e t  v e l o c i t y  t o  t h e  e igh th  power. Figure 5 also desc r ibes  t h e  t h r e e  
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frequency ( f )  reg ions  of i n t e r e s t ,  which are l o w  ( 1 0 0  Hz < f < 8 0 0  Hz), middle 
( 8 0 0  kHz < f < 5 kHz), and high (5 kHz < f < 20 kHz). 

Sources  of Je t -F lap- In te rac t ion  Noise 

The take-off requirement of a midrange wide-body t r a n s p o r t  with engines mounted 
under t h e  wing r equ i r e s  t h e  engines t o  be c lose  t o  t h e  wing undersurface,  and landing 
requirements d i c t a t e  a l a r g e  f l a p  de f l ec t ion .  The r e l a t i v e  loca t ion  of t h e  f l a p  and 
t h e  undersurface of t h e  wing with t h e  exhaust ( j e t )  of t h e  engine w i l l  cause a s t rong  
i n t e r a c t i o n  between t h e  f l a p  and jet .  Figure 6 i l l u s t r a t e s  a poss ib le  loca t ion  of 
t h e  t r a i l i n g  edge and s i d e  edge of t h e  f l a p  r e l a t i v e  t o  a t y p i c a l  t u rbu len t  jet. 
Where a f l a p  cu tout  does not  e x i s t  and t h e  f l a p  i s  not  de f l ec t ed ,  t h e r e  is a weak 
i n t e r a c t i o n  between t h e  t r a i l i n g  edge and t h e  turbulence.  As t h e  f l a p  is  de f l ec t ed ,  
t h e  t r a i l i n g  edge pro t rudes  i n t o  a varying region of tu rbulence  i n t e n s i t y  and a 
s t r o n g  i n t e r a c t i o n  e x i s t s  a t  a l a r g e  f l a p  def lec t ion .  

I n  a f l a p  cu tout  condi t ion  i n  which t h e  l o c a l  j e t  diameter i s  l a r g e r  than t h e  
cu tou t  and a l a r g e  f l a p  d e f l e c t i o n  e x i s t s ,  m o r e  cu tou t  s i d e  edge i s  i n  t h e  t u r b u l e n t  
reg ion ,  t h u s  r e s u l t i n g  i n  a s t rong  i n t e r a c t i o n .  The r e l a t i v e  p o s i t i o n  of t h e  engine 
nozzle  e x i t  with t h e  f l a p  can a l s o  produce a weak o r  s t rong  j e t - f l a p  i n t e r a c t i o n .  It 
w i l l  be weak i f  t h e  e x i t  i s  c l o s e  t o  t h e  f l a p  cu tout  because t h e  j e t  diameter w i l l  be  
smaller  a s  it passes  through t h e  cu tout .  I f  t h e  j e t  i s  f u l l y  developed, t h e  l o c a l  
j e t  diameter w i l l  be much l a r g e r  than t h e  f l a p  cu tou t  width, t h u s  causing a s t r o n g  
i n t e r a c t i o n .  Also, t h e  t u r b u l e n t  region of t h e  j e t  i s  long r e l a t i v e  t o  t h e  wing 
chord, which r e s u l t s  i n  a s t rong  je t  i n t e r a c t i o n  with t h e  wing. 

Low-frequency noise  source.- The noise  generated i n  t h e  low-frequency region 
(100  Hz < f < 8 0 0  Hz) i s  p r imar i ly  due t o  t h e  i n t e r a c t i o n  of t h e  j e t  and wing. This  
i s  seen i n  f i g u r e  7 where t h e  wing i s  removed and only t h e  de f l ec t ed  f l a p  remains. 
With t h e  wing removed, t h e  low-frequency noise  spectrum i s  reduced t o  approximately 
t h a t  of t h e  f r e e  j e t  with t h e  except ion of t h e  h ighes t  end of t h e  low-frequency 
region.  Fur ther  evidence t h a t  t h e  noise  generated i n  t h e  low-frequency region i s  due 
t o  t h e  jet-flow-wing i n t e r a c t i o n  can be observed i n  f i g u r e  8. This  f i g u r e  shows t h e  
p re s su re  spec t r a  measured by flush-mounted p res su re  t ransducers  on  t h e  upper and 
lower f l a p  su r faces  near  t h e  f l a p  cu tout  edge. (See f i g .  3.) 

In  t h e  low-frequency reg ion ,  t h e  two spec t r a  d i f f e r  s i g n i f i c a n t l y  i n  magnitude; 
however, i n  t h e  midfrequency region,  they have t h e  same s p e c t r a l  shape and peak f r e -  
quency. The upper-surface p re s su re  t ransducer  i s  sh ie lded  by t h e  f l a p  from t h e  jet-  
flow-wing i n t e r a c t i o n  and responds pr imar i ly  t o  t h e  l o c a l  jet-flow-flap in t e rac -  
t i o n ,  whereas t h e  lower-surface microphone senses  both flow i n t e r a c t i o n s .  Evidence 
t h a t  t h e  upper-surface t ransducer  responds pr imar i ly  t o  t h e  jet-flow-flap in t e rac -  
t i o n  can be observed i n  f i g u r e  9. This f i g u r e  shows t h e  superpos i t ion  of t h e  f a r -  
f i e l d  n o i s e  spectrum of t h e  j e t  and f l a p  with t h e  wing removed and t h e  upper-surface 
p re s su re  spectrum with je t ,  wing, and f l a p .  The peak noise  of t h e  t w o  spec t r a  d i f f e r  
by 5 0  dB; t hus ,  t h e  magnitude of t h e  t w o  spec t r a  a r e  no t  r e l a t i v e  bu t  a r e  s i m i l a r  i n  
spectral shape and peak frequency. Based on f i g u r e s  7,  8, and 9, t h e  primary l o w -  
frequency no i se  source i s  t h e  i n t e r a c t i o n  of t h e  j e t  near  f i e l d  with t h e  wing. The 
aerodynamic process  involved could be t h e  modif icat ion of t h e  jet-mixing development 
by t h e  modified-flow entrainment.  

I f  t h e  aforementioned i s  t r u e ,  then t h e  m o s t  important  parameter i n  t h e  low- 
frequency region i s  H/D s ince ,  i f  H/D i s  l a r g e  enough, no i n t e r a c t i o n  e x i s t s .  
T h i s  can be concluded from f i g u r e  10 where t h e  normal d i s t a n c e  H has  t h e  va lues  of 
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one and two nozzle-exi t  diameters ,  and a l l  o t h e r  parameters a r e  cons tan t .  Th i s  
f i g u r e  shows t h a t  t h e  low-frequency noise  l e v e l  i n c r e a s e s  as  t h e  d i s t ance  H i s  
decreased. 

F o r  H/D va lues  where i n t e r a c t i o n  e x i s t s ,  t h e  j e t  entrainment would depend on 
t h e  geometry of t h e  je t -nozz le  placement r e l a t i v e  t o  t h e  wing. Thus, L/D should 
in f luence  t h i s  low-frequency noise ,  as  shown i n  f i g u r e  11. T h i s  f i g u r e  shows t h a t  
t h e  SPL i n  t h e  low-frequency region inc reases  as t h e  d i s t a n c e  L i s  increased .  

I f  t h e  source i s  mainly t h e  je t -entrainment  modi f ica t ion  by t h e  wing sur face ,  
then it should be r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  d e t a i l s  of f l a p  geometry. Figure 12 
shows t h a t  t h e  low-frequency no i se  i s  b a s i c a l l y  i n s e n s i t i v e  t o  t h e  f l a p  d e f l e c t i o n  
f o r  W/D = 0. Figure 13 i n d i c a t e s  t h a t  t h e  low-frequency no i se  i s  s e n s i t i v e  t o  t h e  
f l a p  d e f l e c t i o n  with W/D = 0.84. However, t h i s  could be due t o  t h e  f a c t  t h a t  some 
low-frequency noise  component i s  a l s o  generated a s  a r e s u l t  of jet-flow-flap cu tou t  
side-edge i n t e r a c t i o n .  Fur ther  evidence t h a t  t h e  low-frequency no i se  i s  due t o  jet- 
wing i n t e r a c t i o n  i s  seen i n  f i g u r e  14 ( 6  = 4 0 ° ,  W/D = 01, where t h e  peak SPL i n  t h e  
low-frequency region v a r i e s  a s  
noise .  

V3 and no t  V6, a r e s u l t  which c h a r a c t e r i z e s  edge 

Midfrequency -noise source.-  The no i se  source €or  t h e  midfrequency region 
( 8 0 0  kHz < f < 5 kHz) is t h e  j e t - f l o w - f l a p  i n t e r a c t i o n .  This  can be determined from 
f i g u r e s  7 and 9. Figure 7 shows t h e  no i se  spectra obtained €or t h e  wing-flap model 
and t h e  f l a p  alone (wing removed). I n  t h e  midfrequency reg ion ,  t h e  t w o  no i se  s p e c t r a  
a r e  s i m i l a r ,  t h u s  i n d i c a t i n g  t h a t  t h e  primary noise  source i s  t h e  f l a p .  Figure 9,  
p rev ious ly  discussed i n  t h e  sec t ion  e n t i t l e d  "Low-Frequency Noise Source," i n d i c a t e s  
t h e  same conclusion. The primary f e a t u r e  of t h i s  type  of n o i s e  source should have a 
v6 dependency. Such a dependency i s  shown i n  f i g u r e  15, which shows t h e  e fEec t s  of 
j e t  v e l o c i t y  on t h e  peak sound p res su re  l e v e l  i n  t h e  midfrequency region,  where t h e  
f l a p  i s  de f l ec t ed  40°  and t h e  f l a p  cu tout  r a t i o  i s  1.3. 

The s i d e  edges of t h e  f l a p  cu tout  should a l s o  be a no i se  source i n  t h e  midfre- 
quency region. Figure 16 shows t h e  importance of t h e  s i d e  edges of t he  cu tout .  As 
W/D i nc reases ,  t h e  na ture  of t h e  j e t - f l a p  i n t e r a c t i o n  reduces t o  a weak i n t e r a c t i o n ,  
s ince  the  impingement on both t h e  t r a i l i n g  edge and s i d e  edges has been reduced 
appreciably.  Thus, it appears t h e r e  i s  no bas i c  d i f f e rence  i n  the  midfrequency noise  
generated a t  t he  t r a i l i n g  ed.ge and s i d e  edges. This no i se  b a s i c a l l y  depends on t h e  
l o c a l  turbulence l e v e l  (p ropor t iona l  t o  t h e  l o c a l  mean v e l o c i t y )  e x i s t i n g  a t  those  
edges. 

High-frequency .noise-  source.- The high-frequency region i s  def ined  t o  be 
5 kHz < f < 20 kHz. It i s  l imi t ed  t o  20 kHz s ince  t h a t  i s  t h e  frequency where t h e  

~ ~ 

microphone response ceased t o  be a l i n e a r  response. From f i g u r e  12  it is  obvious 
t h a t  t h e r e  i s  considerable  high-frequency noise  genera t ion  f o r  t h e  case  of s t r o n g  
i n t e r a c t i o n  between t h e  j e t  and t h e  f l a p  when 6 = 40° .  This  high-frequency no i se  
reduces t o  approximately 3 dB above t h e  f r e e - j e t  no i se  when t h e  f l a p  cu tou t  width i s  
increased  t o  approximately t h e  s i z e  of t h e  l o c a l  j e t  diameter (W/D = 1.5) .  (See 
f i g .  16.)  The i d e n t i c a l  phenomenon r e s u l t s  when t h e  f l a p  d e f l e c t i o n  i s  reduced t o  
zero. Thus, t h e  s t rong  i n t e r a c t i o n  with flow impinging on t h e  f l a p  and t h e  f l a p  
cu tou t  s i d e  edges i s  a noise  source i n  t h e  high-frequency region.  
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When the conditions are such that the flow-impingement noise and flap cutout 
side-edge noise do not exist in the high-frequency region (see fig. 17), the noise 
source in this region is reduced primarily to reflections of the jet noise. These 
reflections, which are observed from the data presented in figure 18, are due to the 
presence of the wing undersurface. Figure 18 represents the 1/3-octave-band noise 
spectrum of the jet, wing, and nondeflected flap compared with the noise spectrum 
when the wing is removed. In the high-frequency region, the SPL for the wing and 
flap is approximately 3 dB above the free-jet noise; whereas with the wing removed, 
the SPL is reduced to that of the free jet because of an absence of the reflecting 
surface of the wing. 

Figure 19 shows the dependency of the reflected jet noise on the observation 
angle 8. In this figure, AOASPL is the amount the spectra for the wing and flap 
exceed that of the free jet in the high-frequency region. The increase attributed to 
reflected noise is not observed until 8 > 60°. Figure 19 also illustrates that 
high-frequency noise is nearly independent of the jet center-line velocity. 

Superposition of Spectra in Midfrequency Region 

When the flap deflection angle 6 is 00 and the flap-cutout width W is 0, a 
1.25-kHz narrow-band peak SPL occurs. Figure 20 shows the 1/3-octave-band noise 
spectra for this configuration with the jet noise subtracted and with a variation in 
jet velocity. The peak SPL in the midfrequency region does not shift in frequency 
with a change in jet velocity. This, at first sight, indicates that the origin of 
the peak SPL is unrelated to the aerodynamic interaction. Narrow-band analysis of 
the same data was performed to see if the observed 1/3-octave-band peaks were dis- 
crete emissions, and the results are presented in figure 21. It is seen that the 
peak at 1.25 IdIz is not a pure tone. In addition, an accelerometer was attached to 
the upper surface of the flap, and the results showed that the peak SPL was not due 
to structural vibrations. 

It was reasoned that the apparent independence of the midfrequency noise with 
velocity could be due to the superposition of two source spectra: the jet-wing and 
jet-flap interactions, where each source has its own dependence on V and its own 
Strouhal scaling. The net result of the superposition of these two component spectra 
could be an apparent independence of peak frequency with V. 

Narrow-Band Peak in High-Frequency Region 

When the solid flap is deflected 400, a narrow-band peak SPL at 6.3 kHz for 
L/D = 5.5 and 3.6 is observed as noted earlier in figure 12. Narrow-band analysis 
showed that this peak is not a tone. When a cutout is made on the flap, the peak at 
6.3 kHz disappears, as observed in figure 16. In order to determine the source of 
the peak SPL at 6.3 Mz,  the wing was removed which left only the deflected flap, and 
also a slanted flat plate was used instead of the flap. In both cases, the peak SPL 
at 6.3 Mz was not present as seen from figure 22. Thus, the SPL peak at 6.3 M z  is 
most likely due to the nonturning flow at the location where the wing and deflected 
flap intersect. At this location, the flow tends to recirculate, which produces the 
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subject peak SPL. The following sketch shows a typical recirculating flow where the 
wing and flap intersect: 

Wing 

Comparison Between Jet-Flap-Interaction Noise and Jet-Impingement Noise 

In addition to the noise spectra for a slanted flat plate and a deflected flap 
with no wing, the noise spectrum for a nondeflected flap with no wing is presented in 
figure 22. A n  interesting observation is that when the flap is deflected, the 
impinging jet not only increases the high-frequency SPL but also increases the low- 
frequency SPL. The effect is stronger for the flat plate, where the flow impingement 
can cause flow reversal and subsequent flow separation in the upstream portion of the 
impingement region. It is believed that the subsequent flow separation increases the 
low-frequency SPL. 

CONCLUDING REMARKS 

The effects of operating a 6-cm exit-diameter nozzle in the presence of a wing- 
flap model under static conditions has been investigated experimentally in the 
Langley Anechoic Noise Facility. The installation parameters of the jet-flap model 
were chosen to provide a realistic geometric simulation of an actual jet-engine 
installation. Effects of varying the installation parameters were determined and 
discussed, and the noise sources for engine installation effects are defined. 

Based on the results obtained in the present study, it is concluded that the 
major noise source in the low-frequency region is the flow interaction of the jet and 
wing undersurface. The major noise source in the midfrequency region is the flow 
interaction of the jet with the side edges of the flap cutout. An additional noise 
source in this frequency region is the flap trailing edge which dominates in the 
absence of the flap cutout. The high-frequency-region noise source is primarily due 
to jet noise reflecting off the undersurface of the wing and flap. A l s o ,  the jet 
impinging on the flap cutout contributes to the high-frequency-region noise when the 
cutout size is smaller than the local jet diameter. 

Increasing the normal separation distance H between the wing chord and the jet 
center line decreases the noise levels. Increasing the normal distance L between 
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t h e  nozzle  e x i t  and t h e  f l ap  t r a i l i n g  edge i n c r e a s e s  t h e  no i se  levels.  Large f l a p  
d e f l e c t i o n s  inc rease  t h e  no i se  levels, and an  inc rease  i n  t h e  f l a p  cu tou t  width 
r e s u l t s  i n  a decrease i n  t h e  no i se  level. 

Langley Research Center 
Nat iona l  Aeronaut ics  and Space Administration 
H a m p t o n ,  VA 23665 
J u l y  12, 1983 
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Figure 1.- Photograph o f  t e s t  setup.  



L-81-2425.1 
Figure 2.- Photograph of t e s t  model. 
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Figure 3.- Photograph of flaps w i t h  cutouts. 
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Figure 4.- S c h e m a t i c  d i a g r a m  of w i n g - f l a p  m o d e l .  
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Figure 5.- Free-jet noise spectra. 
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Figure 6.- Schematic diagram of f l a p  loca t ion  r e l a t i v e  t o  t y p i c a l  t u rbu len t  jet .  
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